Abstract: A single-nucleotide polymorphism within the corticotropin-releasing hormone receptor 2 (CRHR2) gene was identified and evaluated in two pig populations. The CRHR2 genotype was significantly associated with nine carcass and meat quality traits in the F 2 resource population and exhibited a suggestive association with the stress response trait blotching in the halothane challenge population.
Tremendous efforts to obviate inferior meat quality resulting from animal stress have been ongoing in the pig industry since pale, soft, exudative (PSE) pork was recognized in the 1950s. The porcine stress syndrome (PSS) is affected by diverse stressors such as transportation, temperature, restraint, weaning, and handling, and its symptoms are characterized by rapid respiration, muscle tremors and rigidity, reddish blotches on the skin, increase in body temperature, and even death. Identification of a c.1843C>T polymorphism in the ryanodine receptor 1 (RYR1) gene that was highly associated with PSS facilitated the detection of unfavorable heterozygous carriers (Fujii et al. 1991) ; however, the incidence of PSE pork is still a major concern impacting pork quality.
Corticotropin-releasing hormone (CRH) plays a key role in mediating the endocrine, autonomic, behavioral, and immune responses to stress through the hypothalamic-pituitary-adrenal axis stimulating cortisol release (Orth 1992) . Corticotropin-releasing hormone receptor 1 (CRHR1) and corticotropinreleasing hormone receptor 2 (CRHR2), two receptors of CRH, are expressed in distinct locations implying different physiological functions (Hillhouse and Grammatopoulos 2006) . CRHR2 is found in skeletal, smooth, and cardiac muscles as well as in brain, whereas CRHR1 is found in ovary, testis, skin, and adrenal gland. In this study, CRHR2 was evaluated as a potential candidate gene affecting stress response and influencing carcass and meat quality traits.
Two independent pig populations were used for this study. A Duroc × Pietrain F 2 resource population constructed with extensive phenotyping to reveal the genetic control of growth, carcass composition, and meat quality traits was used to identify and evaluate a single-nucleotide polymorphism (SNP) in the CRHR2 gene. The effect of CRHR2 was re-evaluated with pigs from a population challenged with halothane gas, which had a different genetic background, to examine CRHR2 effects across breeds, including the association of CRHR2 with a physiological stressor. Animals in the resource population were harvested prior to design of the halothane challenge study, and extensive phenotyping of the halothane population was not possible. Animal protocols were approved by the Michigan State University (MSU) Institutional Animal Care and Use Committee (AUF no. 09/03-114-00 and AUF no. 02/07-011-00, respectively) and were in compliance with recommendations of the Canadian Council on Animal Care.
The MSU resource population was derived from four Duroc sires and 15 Pietrain dams, and 438 F 2 pigs were genotyped for this study. A total of 38 carcass and meat quality traits were analyzed (Table 1) , and the detailed description of the animals and phenotypic data was previously reported (Edwards et al. 2008a (Edwards et al. , 2008b . The halothane challenge population was composed of 363 pigs produced from seven Landrace sires and 38 YorkshireLandrace dams. A detailed description of the animals and phenotypic data was previously reported (Bates et al. 2012) . In brief, pigs were challenged at 56 ± 3 d of age with 5% halothane gas for 2 or 3 min, and limb rigidity, blotching of the skin, and muscle tremors were recorded on a binary scale (0 = no response; 1 = response), and body temperature was measured. Ten phenotypic traits measured in the halothane challenge population were examined based on comparable phenotypes measured in the resource population, along with the four stress response phenotypes measured only in the halothane challenge population (Table 1 ). All animals in these two populations were homozygous normal for the c.1843C>T polymorphism in the RYR1 gene.
DNA extracted from white blood cells was used to amplify a portion of the pig CRHR2 gene with primers designed from pig CRHR2 mRNA sequence (NM_001144118.1) using the OLIGO® 5.0 Primer Analysis Software (NBI, Plymouth, MN, USA; forward primer 5′-GCA TCA CCT ACA TGC TCT TCT T-3′; reverse primer 5′-CTC TCC ATT GAA GAA GCA GTA GA-3′). The CRHR2 gene is located at position 46 651 308 -46 648 683 bp on pig chromosome (SSC) 18 (Sus scrofa assembly 10.2) and ENSSSCT00000018155.2: c.228 + 68T>C SNP was identified in intron 2 by sequencing (ss86353512, BV727800; Ernst et al. 2006) .
A polymerase chain reaction (PCR) restriction fragment length polymorphism approach was used to genotype CRHR2 in the resource population. Approximately 25 ng of genomic DNA was amplified in a final volume of 10 μL containing 0.5 μmol L −1 each primer, 200 μmol
MgCl 2 , 1× PCR buffer, and 0.05 units Taq DNA polymerase. The PCR profile included: an initial denaturation for 10 min at 94°C; 30 cycles of 1 min at 94°C, 1 min at 58°C, 1 min at 72°C; and a final extension for 10 min at 72°C. Subsequently, the amplicon was digested with the endonuclease NlaIII. For rapid genotyping, the CRHR2 SNP was included on an Illumina Goldengate 96 plex SNP multiplex custom assay (Illumina, Inc., San Diego, CA, USA), and pigs in the halothane challenge population were genotyped at the MSU Research Technology Support Facility. Association analyses between CRHR2 genotypes and traits were performed using the MIXED or GLIMMIX procedures of SAS (version 9.1.3), depending on the response variable distribution. Interaction of fixed effects (sex and CRHR2 genotype) was not significant and was not included in the final models. The phenotypic traits for which CRHR2 genotype was significant in the model were considered further for comparison of least-squares means.
For the resource population, the model (eq. 1) included the fixed effects of Sex and CRHR2, and the random effects of Farrowing group (l = 11 levels), Harvest date (m = 33 levels), and Litter (n = 55 levels).
For the halothane challenge population, a generalized linear mixed model with a logit link function was used to analyze the binomially distributed response traits (blotching, rigidity, and tremor), and then the inverse link function was used for least-squares means comparisons (eq. 2).
( 2) where P ijklm was the probability of the i-th animal exhibiting a positive response for the measured trait, μ was the overall mean for the trait, Sex and CRHR2 were fixed effects, and Farrowing (l = 4 levels) and Litter (m = 38 levels) were random effects.
Within the analyses for carcass and meat quality traits in the halothane challenge population, a composite variable describing the response to halothane challenge was created. This variable was the summation of the binary response variable for blotching, rigidity, and tremor per animal, which was included into the model as an overall halothane effect (denoted as Gas in the model). The statistical model for carcass and meat quality traits (eq. 3) included the fixed effects of Sex, CRHR2, and Gas (l = 4 levels; 0/1/2/3), and the random effects of Farrowing group, Harvest date (n = 8 levels), and Litter.
The frequency of the CRHR2 allele T was 0.38 and that of allele C was 0.62 in the resource population, whereas the frequency of allele T was 0.60 and that of allele C was 0.40 in the halothane challenge population. Due to the different genetic backgrounds and limited number of parental animals, it was not unexpected to observe different allele frequencies between the two populations, and both populations were in agreement with Hardy-Weinberg equilibrium.
Traits exhibiting significant association with CRHR2 genotypes in the resource population are shown in , and consequently, CC pigs also had a lower moisture percent and a greater cook yield (P < 0.05). The CC pigs also exhibited a higher LM protein percent than the TT and CT pigs (P < 0.05) consistent with the decreased moisture percent. These consistent effects of CRHR2 on meat quality traits provide a plausible hypothesis that the T allele may be associated with stress susceptibility. During conversion of muscle to meat, stress-susceptible pigs exhibit lower pH at a higher temperature due to rapid post-mortem glycolysis, resulting in muscle protein denaturation, which consequently results in undesirable meat quality in terms of water holding capacity, color, and tenderness. CRHR2 is a G-protein-coupled receptor that contributes to an animal's ability to cope with stressful situations such as feeding suppression, hypotension, and anxiolysis. Shaw et al. (1995) indicated that glucocorticoid synthesized and secreted from the adrenal cortex as a negative feedback response to stress induces skeletal muscle proteolysis, and they reported that elevated cortisol levels in skeletal muscle were highly correlated with cortisol levels in plasma and were associated with meat quality traits exhibiting a positive correlation with ultimate pH and color score and a negative correlation with drip loss. For CRHR2 in the resource population, a significant additive effect was observed for these traits such that the addition of a C allele increased pH values, cook yield, and protein percent, and decreased moisture percent. In the halothane challenge population, CRHR2 genotype exhibited a suggestive association with blotching (P = 0.07; Table 2 ), but no significant associations were observed for limb rigidity or tremors. Suggestive but inconsistent associations were observed for CIE L* (P = 0.07) and subjective color score (P = 0.08) such that meat from pigs with the CC genotype exhibited a greater CIE L* value compared with CT genotype pigs, and pigs with the CT genotype had higher color scores (darker color) than TT pigs. Muráni et al. (2010) reported no significant associations between a c.*13T>C SNP in the CRHR2 gene and stress response traits induced by mixing of individuals with different aggressive temperaments. Although our study and the Muráni et al. (2010) study used different approaches to induce a stress response, results of both projects do not provide support for an association of CRHR2 genotype with stress response in pigs.
This study used two populations to evaluate CRHR2 as a potential candidate gene affecting carcass merit, meat quality, and stress response phenotypes. Results for the Duroc × Pietrain resource population support an association of CRHR2 with meat quality, although the halothane population with fewer recorded phenotypes did not reveal significant associations with meat quality or stress response phenotypes. Differences in response between the two populations could be due to breed (genetic background), as well as other differences between the populations. Further research considering the relationship of CRHR2 with pig carcass composition and meat quality phenotypes in additional populations is warranted. Note: *, P < 0.05; **, P < 0.01. LS means within a row under the heading "MSU resource population" with different letters (a, b) differ (P < 0.05). LS means within a row under the heading "Halothane challenge population" with different letters (c, d) differ (P < 0.10).
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